To study whether broiler and layer farms contribute to the environmental Campylobacter load, environmental matrices at or close to farms, and caecal material from chickens, were examined.
INTRODUCTION
Campylobacter infections are a leading cause of bacterial gastroenteritis worldwide. In the European Union, Campylobacter is the most commonly reported gastrointestinal bacterial pathogen in humans (EFSA ). The notification rate in the European Union was 55.49 per 100,000 people in Most human cases of campylobacteriosis are considered foodborne. A systematic review of case-control studies of human cases of campylobacteriosis and a meta-analysis of the retrieved data indicated that travelling abroad, eating undercooked chicken, exposure through environmental routes, direct contact with farm animals, and having a preexisting chronic disease were significant risk factors. Consumption of chicken and poultry products was identified as the most important foodborne transmission route (Domingues et al. ) . This was confirmed by the demonstration of a strong reduction in the number of reported campylobacteriosis cases in Belgium following the withdrawal of poultry products from retail outlets because of high dioxin levels in feed (Vellinga & Van Loock ) . Source attribution analysis of campylobacteriosis cases in the Netherlands determined that the majority of human infections originated from chicken (66%), followed by cattle (21%), environment (10%), sheep (2.5%), and pigs (0.3%) (Mughini-Gras et al. ). A survey of 1,174 slaughter batches of broilers in the United Kingdom, processed at 37 abattoirs, demonstrated the colonization of the broilers with Campylobacter in 79.2% of the batches, emphasizing the importance of the handling or consumption of undercooked chicken as a major risk factor for human infection (Lawes et al. ) .
The decline in the number of human campylobacteriosis cases in the Netherlands occurring after extensive culling of laying hens during an outbreak of avian influenza in poultry could, however, not be explained by reduced consumption of chicken meat (Friesema et al. ) . Culling was mainly among laying hens, of which the meat is not consumed unprocessed in the Netherlands. Sales of poultry meat were nevertheless reduced, particularly in the culling area, but recovered rapidly, whereas the reduction in the number of cases in this area remained prominent for at least half a year. Reduced environmental contamination from the affected poultry farms, that were disinfected and remained empty for extended periods, is a possible explanatory factor for the reduced number of campylobacteriosis cases, which is supported by other studies (Domingues 
METHODS

Poultry farms
During 2011 and 2012 three broiler (Br1-Br3) and five laying hen (Lh1-Lh5) farms in the Netherlands were visited multiple times. At each first orientation visit (t0), farms and their immediate surroundings were mapped, suitable sites for sampling were identified, and caecal material was sampled to establish presence or absence of Campylobacter in the flocks. During the second visit (t1), the farms were extensively sampled; samples included caecal samples and environmental samples such as soil, surface water, wastewater, dust, air and flies. At the laying-hen farms, the same flocks were present at t0 and t1, while at broiler farms the t0 flocks had been replaced with t1 flocks. All broiler farms were sampled a third time (t2), just after the t1 flocks were removed and poultry-houses had been cleaned or were being cleaned; at these time-points caecal material was not present. Sampling strategies were different for the two farm types, due to the high turnover of flocks at broiler farms (every 6 to 7 weeks) and the lower turnover at layinghen farms (approximately once in every 1.5 years). During the sampling, laying hens were 26-73 weeks old and broilers were 4-5 weeks old. Farm Br1 was extensively sampled during and after three different production rounds, at the paired time points t1/t2 (August-September 2011) and t3/t4 (November 2011) and t5/t6 (August-September 2012). At time points t1, t3 and t5, caecal material was sampled while the flocks were present, whilst at the subsequent time points t2, t4 and t6, wastewater was sampled after the same flocks had been removed for slaughter. All broiler farms used conventional barn farming, with capacities of 38,000 (Br3), 87,000 (Br1) and 150,000 (Br2) chickens.
Two of the laying-hen farms were conventional barn farms with capacities of 78,000 (Lh2) and 80,000 (Lh4) chickens, and three of the laying-hen farms were free-range farms with capacities of 30,000 (Lh1, Lh5) and 43,000 (Lh3) chickens. All farms were located in rural areas ( Figure 1 nearby. An overview of farm details and sampling dates is available in Supplementary Table 1 (available with the online version of this paper).
Sampled matrices
Overall, 354 samples were taken ( Figure 2 ). Fresh caecal material was sampled from poultry houses and free-range areas. Soil was sampled at free-range areas where applicable, and from various other sites at the premises, i.e. in the vicinity (1-5 m) of poultry houses, manure storage sheds, or manure belts, as well as at sites not obviously prone to such faecal contamination sources. When present, surface water was sampled from ditches bordering on or within 50 m distance of the farm premises, as well as from more distant (50 m-1 km) water bodies. Wastewater (i.e. water present at the farm premises, largely originating from the cleaning of the poultry houses and farm premises) was sampled at broiler farms from basins, drains, storage pits, and run-off gullies. In some instances the water level in run-off gullies was low and sediment was sampled instead.
Only one of the laying-hen farms had a wastewater pit that actually contained wastewater at the time of sampling, and this was sampled as well. When applicable, faeces of other farm animals was also collected: farmyard laying hens (i.e. a limited number of birds kept by the farmer to supply his immediate family with eggs) at Br1 and Br2, cattle at Br2 and Lh2, horses at Lh3, and swallows at Lh2. Flies were caught in indoor environments such as poultry houses, manure-storage sheds, egg-sorting areas, homes, the canteen or changing rooms, and stables of other animals, as well as outdoors. Dust was sampled from surfaces inside poultry houses or manure-storage sheds, from poultry-house ventilation fans, and, at Br1, outside one of the poultry houses from a fence positioned within 5 m range of the ventilation fan. Most air samples were collected inside poultry houses. At farm Br1, outdoor air was also sampled (within 5 m of ventilator fans), as well as air from the canteen adjoining one of the poultry houses. All samples, except flies, were transported and stored at 5 ± 3 C. Flies were transported and stored at room temperature. All samples were analysed within 24 hours of sampling.
Collection and preparation of samples
Caecal material
Caecal samples were collected from live birds by walking through the herds (with the appropriate protective clothing) and picking up freshly produced caecal material, either directly after it was seen to be produced, or from the stable floor when it was still soft, shiny and warm, indicating that it was freshly produced. Caecal material has a characteristic brown color.
Caecal samples consisted of material from three to five individual caecal droppings collected in a sterile stool sample container using the spoon attached to the lid. For analysis, samples were mixed using a cotton swab and, using the same swab, streaked onto CCDA agar (Oxoid B.V., Landsmeer, The Netherlands).
Soil, sediment and faeces
Soil was sampled from the surface to a depth of 5 to 8 cm, using a tubular soil sampler. At each site, nine to 12 grab samples were taken that were evenly distributed over a rectangular or square area with in-between distances of 0.5 to 1 m, and pooled in sterile filter bags (BagPage ® , Interscience, St Nom la Bretêche, France). Sediments from 
Surface water and wastewater
All water samples were taken by submerging sterile glass bottles, according to ISO 19458 (ISO ). Water was filtered through 0.45 μm pore size membrane filters (Millipore, Amsterdam, The Netherlands) in total volumes ranging from 140 to 700 ml for surface water (depending on the turbidity) and 2-25 ml for wastewater. Filters were placed in 20-25 ml Preston broth.
Air
Air was sampled through 8 μm pore size membrane filters using a MD8 Airport portable air sampler (Sartorius Netherlands B.V., Rotterdam, The Netherlands), or alternatively, by placing CCDA agar-containing plates without lids on top of heat convectors that were suspended approximately 1 m above the poultry-house floors, for 50 to 75 minutes. Using the Airport air sampler, 250 or 500 L of air was sampled at 40 or 50 l min À1 . Upon sampling, membrane filters were directly placed in 180 ml Preston broth.
Dust
Dust was sampled from surfaces with sterile sponges that were pre-soaked with BPW using the Meat and Turkey Carcass Sampling Kit (Antonides BV, Oosterzee, The Netherlands). After sampling, the sponges were placed in sterile bags for transport to the laboratory, where they were placed in 90 ml Preston broth. Bionumerics software was used for the construction of maximal parsimony trees based on the concatenated sequences of the alleles.
Statistics
Differences in Campylobacter prevalence between farms and sampling sites were tested with the Pearson's Chi-Square Test using SPSS Statistics software, version 22
(IBM, Amsterdam, The Netherlands). C. jejuni from cattle at Lh2 had a ST (ST-42) that was different from those found in the laying hen flock.
RESULTS
Prevalence of
Fifty-three percent (n ¼ 9/17) of the C. jejuni isolates from the farm environment at the broiler farms with Campylobacter-positive caecal material (Br1 and Br2) had a ST identical to those observed in caecal material at the same farms (Figure 4 ). Among these isolates were isolates from soil (n ¼ 2/2,100%), poultry-house air (n ¼ 2/2, 100%), wastewater (n ¼ 3/3, 100%) and adjacent surface water (n ¼ 2/10, 20%). Also, one of the more remote surface water sites (n ¼ 1/5, 20%) in the area of farm Br1 contained a 'caecal' ST (ST-267). This water body was a ditch running alongside the farm premises, sampled at a distance of 100-150 m from the nearest poultry houses at the farmyard.
C. jejuni ST-230 was detected in three different ditches in the vicinity of Br1, both during the presence of flocks and during cleaning. In two of these ditches, ST-230 was detected in samples taken adjacent to the farm as well as at a more remote site, in this case at 100-150 m distance. Campylobacter-positive flocks, both at broiler farms and at laying-hen farms. Campylobacter was also detected in various environmental matrices at or close to the farms, predominantly in soil and surface water, the latter also containing Campylobacter when sampled 50 to 150 m away from the farms. Campylobacter was not detected in dust samples or on flies caught at any of the farms, suggesting that these matrices are of limited relevance for In contrast to soil, surface water may transport Campylobacter over longer distances with water flow or current, to water bodies that the general human population may be exposed to, e.g. during recreational activities or when the water is used for irrigating crops. Surface water adjacent to poultry farms may become contaminated with Campylobacter from poultry farms through run-off of water containing poultry faeces from the farm premises during (heavy) rainfall, but also during poultry-house cleaning activities.
The 
CONCLUSIONS
The study results indicate that poultry farms contribute to the environmental load of Campylobacter by contaminating soil at farm premises, and suggest that broiler farms could, more than laying-hen farms, contribute to the Campylobacter load in the aquatic environment. Recent findings from a study that inferred the origin of Campylobacter isolates from surface water in the Netherlands and Luxembourg demonstrated that isolates from the Netherlands were mainly attributed to poultry (Mughini Gras et al. ).
Therefore, further study is necessary, using a study protocol that specifically aims at determining the influence of poultry farms on the aquatic environmental load of Campylobacter.
This requires the inclusion of several poultry farms that are 
